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Projections of Lung Cancer Mortality in the 
United States; 1985-2025' 

Charles C. Brown,^ Larry G. K€sskr^'‘^ 



Lung cancer has been the leading cause of cancer 
death in the United States for the larger part of this 
century. Increases in smoking prevalence from the 
1900$ through the 1950$ have resulted in more than 
100,000 deaths annually. Because of the changes dur¬ 
ing the last three decades in smokii^ prevalence, the 
decreasing tar content of cigarettes, and the increasing 
popularity of low-tar cigarettes, trends in lung cancer 
are difHcult to predict. This article presents an 
analysis of smoking and lung cancer data using an 
age-period-cohort model for projecting lung cancer 
mortality through the year 2025. The projections are 
based on the initial parameterization of the model and 
on prevention objectives related to smoking behavior 
established by the [National cancer insuiuie. li cun- 
cluded that the recent trends in lung cancer are 
unlikely to be affected by changes in cigarette com¬ 
position and consumption in the near term, but in¬ 
creasing the effectiveness of anti-smoking campaigns 
can have a considerable effect on lung cancer rates in 
the more distant future. (J Natl Cancer Inst 1988; 
80:43-51] 


Trends in lung cancer mortality during this century have 
been among the most remarkable phenomena in health sta¬ 
tistics. From a relatively rare killer of both men and women 
in the early 1900s, lung cancer has developed into one of the 
biggest public health tragedies of the century, now claiming 
over 100,000 lives each year (/). Cancers of the lung and 
bronchus have been the most frequent cause of cancer death 
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of males in the United States for the past 40 years and were 
the second most frequent cause of cancer death among U.S. 
females for the past two decades. Recently, lung cancer has 
nearly surpassed breast cancer in age-adjusted mortality 
rates for women (2). 

Because lung cancer is such a major contributor to the 
Overall U.S. cancer mortality picture, its reduction is of the 
greatest priority among all the various groups involved in 
cancer control. However, the implementation of effective 
cancer control strategies and their evaluation will depend to 
some degree on what is likely to happen to lung cancer 
trends in the absence of any new major cancer control activi¬ 
ties. The purpose of this article is to present projections of 
lung cancer mortality rates through the remainder of this 
century and the first three decades of the next. These projec¬ 
tions are of considerable interest to the public health com¬ 
munity not only because they will suggest the coming mor¬ 
tality for one of the major causes of death, but also because 
they reflect the general health burden for a variety of dis¬ 
eases related to smoking. 

Although studies showing that cigarette smoking is the 
major determinant of lung cancer were presented to the 
scientific community as early as 1950, it was not until the 
first Surgeon General’s report on smoking and cancer in 
1964 that this relationship was established in a widely 
accepted public forum (3). Therefore, it is not surprising in 
reviewing the evidence concerning cigarette smoking pat¬ 
terns in the United States that the decades between the end of 
the First World War and the Surgeon General’s report were 
marked by a substantial increase in the per capita consump¬ 
tion of cigarettes, with a particularly rapid growth during the 
Second World War {4). Because there is a considerable lag 
time between beginning smoking and the development of 
cancer [e.g., Doll and Peto (5)], the effects of the tremen¬ 
dous increase in smoking have been seen in the lung cancer 
mortality statistics in the decade of the 1970s. 

Two phenomena of recent decades may have led to the 
beginning of changes in the lung cancer picture for the 
1980s and beyond (4). Recent data have shown considerable 
declines in the smoking prevalence among U.S. males, but 
slower declines for U.S. females (6,7). These declines among 
men began with the release of the 1964 Surgeon General’s 
report and continued with the removal of cigarette advertis¬ 
ing from television. Reduction in tar content of all brands of 
cigarettes and the introduction of low-tar brands beginning 
in the late 1960s should also lead to lower lung cancer risks 
even without prevalence changes. 

Changes in the prevalence of smoking and tar content of 
cigarettes have already affected U.S. incidence and mortality 



lai-Ci iui men unuci age jj nuwcvci, no iuca uccunc 
is yet seen in women, which no doubt reflects their dramatic 
increases in smoking prevalence during the 1960s and 
1970s. 

These complex changes in smoking behavior over time 
have lead to morbidity and mortality patterns that have 
engendered much research {10-16). These articles have 
generally attempted to explain the distinct patterns in lung 
cancer mortality by various models, sometimes taking ex¬ 


plicit account of smoking trends. Despite the use of a variety 
of models fitting available mortality data, there has been lit¬ 
tle published to date on projections of those trends. One such 
projection by Janerich 07) using a simple model suggests 
that lung cancer mortality will continue to rise at a rapid rate 
and will dominate mortality trends for the near future. For¬ 
tunately, this rapid increase is not likely to be realized, as 
recent reports (5) continue to show the decline in lung 
cancer incidence among U.S. males. Clearly, a sophisticated 
modeling approach to these trends is needed and, preferably, 
one that takes into account available data on past smoking 
behavior. 


Subjects and Methods 

The analyses presented in this article are based on the 
numbers of deaths from malignant neoplasms of the trachea, 
bronchus, and lung (ICD 162-163.0, eighth revision) occur¬ 
ring among white males and females in the United States 
during 1958-1982. We have not used data prior to 1958 
because the ICD coding changed at this lime. The data, 
numbers of deaths and person-years at risk, have been 
aggregated into 12 age groups (30-34, 35-39, . . ., 80-84, 
>85) and 5 calendar year periods (1958-1962,. .1978- 
1982). Person-years at risk are approximated by mid-year 
population estimates. 

Our estimates of past smoking prevalence are derived 
from cigarette smoking histories from the 1978-1980 HIS 
conducted by the U.S. National Center for Health Statistics. 
Details of the HIS, a stratified, household-based, personal 
interview survey, are reported elsewhere {18), The respon¬ 
dents in this survey numbered 22,990 males and 26,725 
females age 17 or older at the time of the interview. Less 
than 1% of the interviews were proxies and were not 
included in our analysis. For each individual, a history of 
smoking status was derived from answers to the questions of 
current smoking status, age started smoking regularly, and 
the time since last smoked regularly. Those who never 
smoked cigarettes regularly were classified as nonsmokers 
for their life. Former smokers were classified as nonsmoking 
from the age they reported cessation of regular smoking. 
Those reported as ever smoking with partially missing 
information were classified according to the following 
assumptions: i) When the age at initiation of regular smok¬ 
ing was unknown «0.5%), the modal age of 18 was used; 
2; when a self-reported former smoker's time since cessation 
was unknown (1.6%), the time was assumed to be zero; 3) 
individuals who were coded as having unknown current 

ilJiOKlllg SldLUS UUl UlU iCpUU dU dgC uT lUlUdLlOli 

were treated as current smokers. 

Because cigarette smokers have higher mortality rates 
than nonsmokers, estimates of past cigarette smoking prev¬ 
alence based on currently living persons will understate the 
actual prevalence. We therefore followed the approach of 
Harris (6) to correct for this bias. Using his notation, we let 
Pm and Qm denote the proportions of current and former 
smokers at age t among respondents alive at age u > t An 
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estimate of the prevalence of cigarette smoking at age t, u ~ t 
years in the past, is given by 

p ^ru^Siu _ 

+ (I - P^u “ Qn.V^,u ’ ^ ^ 

where Sm, Ptu^ and Niu represent the probabilities of surviv¬ 
ing from age r to age u for current smokers, former smokers, 
and never smokers, respectively. Estimates of and are 
from the American Cancer Society study (Garfinkel L: per¬ 
sonal communication). We did not have estimates of Fm, so, 
assuming former smokers would experience mortality more 
similar to that of smokers than never-smokers, we used 5/u 
to represent their survival. 

The 3 survey years provided three estimates of the age- 
specific smoking prevalence for each year in the past. These 
were combined into a single estimate weighted by the 
number of persons interviewed. For example, individuals 
aged 70 and interviewed in 1978, those aged 71 and inter¬ 
viewed in 1979, and those aged 72 and interviewed in 1980 
contributed to the estimate of the proportion of smokers 
aged 42 in 1950. 

Because the trends over time in lung cancer morbidity and 
mortality are strongly related to changes in cigarette smok¬ 
ing and the composition of cigarettes (4,19,20) and because 
the latent period for lung cancer occurrence may be 20-40 
years, past changes in smoking behavior and cigarette com¬ 
position should be an important aspect of any projection of 
future lung cancer rates. The prevalence of cigarette smok¬ 
ing has been changing from one birth cohort to the next (6\ 
and the introduction of low-tar cigarettes has greatly re¬ 
duced the average tar content of cigarettes sold in the United 
States (fig. 1). Whereas changes in smoking prevalence 
should produce birth cohort effects in the trends of lung 
cancer mortality, changes in cigarette composition affecting 
smokers across different birth cohorts at the same calendar 
time should produce calendar period effects in the lung 
cancer mortality trend. 



Fiiure 1 . Average tar content of cigarettes sold and age-adjusted smoking 
prevalence of adults in the United States. 1954-1980, 




For these reasons we. have based our statistical analysis of 
lung cancer mortality on an age-period-cohort model (21,22). 
This type of statistical model has been used previously for 
cohort analyses of lung cancer (23,24) but has not been used 
to project future disease occurrence. This model assumes 
that the number of cancer deaths Dij observed in age group i 
during calendar period j follows a Poisson probability distri¬ 
bution with mean where Nij denotes the size of 

the population at risk and ry denotes the rate of cancer mor¬ 
tality. The Ty are modeled as a function of age. calendar 
period, and birth cohort. More specifically, il is assumed that 

log (nj) = Ai + Pj + Ci-i+j, for i = 1,2,. . ., I . , 
and7 = 1.2,...,y. ^ 

where A,- (i ~ 1,2, . . ., 12) denotes the age effect for ages 
30^34, 35-39,..80-84, >85; Pj (j = 1,2,.. ., 5) denotes 
the period effect for calendar periods 1958-1962, 1963- 
1967,. . 1978-1982; and 1,2,..., 16) denotes the 

cohort effects for birth cohorts 1869-1877,1874-1882, .. 
1944-1952. 

The model is then fit to the data by maximum likelihood 
methods. A linear dependency (k = I — i+ j) exists among 
the three factors age, calendar period, and birth cohort, 
which induces a nonidentifiability of the linear components 
of the three sets of parameter estimates (25-27). This non¬ 
identifiability means that we cannot estimate the linear 
component of trends over time for the period and cohort 
effect parameters. Therefore, we cannot determine whether 
the period effect parameters are increasing while the cohort 
effect parameters are decreasing or vice versa. The nonlinear 
components of each factor, however, are estimable (26). 
Unfortunately, the increasing or decreasing linear trends of 
the individual period and cohort factors are often of primary 
interest. 

A number of solutions have been proposed for this non¬ 
identifiability problem. Most of these involve constraints to 
be placed on the parameters; however, the parameter esti¬ 
mates have been shown to be sensitive to the choice of con¬ 
straint (27). The change in parameter estimates from use of 
one constraint to another can be so extreme as to preclude 
meaningful interpretation. Therefore, unless there is a very 
compelling reason for choosing a particular constraint, this 
approach will not provide a satisfactory solution. Another 
method, proposed by Day and Chamay (23), requires two or 
more populations, one of which can be adequately fit by a 
iwo-factor model. We found this approach was not applicable 
because we could not satisfactorily describe either the male 
or female deaths by a two-factor model. Other proposed 
solutions involve finding the single three-factor model that is 
' Closest" to me besi auiug iwu-iV--ior mode! (25,25,. Hc”. 
ever, these approaches are ad-hoc statistical solutions that 
have no biological justification. 

Rodgers (29) suggested that a valid solution could be 
obtained by replacing one of the factors with a more directly 
relevant variable for which the factor is thought to be an 
indirect indicator. This is the approach we have used here 
As suggested by Day and Chamay (23) in their analysis ol 
lung cancer in Slovenia and Finland, one would expect the 
trend of changing cigarette tar content to be reflected in lung 
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cancer mortality as a calendar period effect acting across all 
age groups. Therefore, we followed Rodgers’ approach by 
replacing the period parameters in equation 2 with a regres¬ 
sion variable related to the average tar content and number 
of cigarettes sold. Thus our model is 

log {/,;) = >1 ,■ -h BXj + Cl-i+j, [3 ] 

where the period parameter of equation 1 is replaced by a 
regression on Xj which denotes a measure of the population’s 
exposure to cigarette tar during theyth calendar period. 

Results 

To fit the model in equation 3 to the observed lung cancer 
mortality data, we evaluated two exposure measures for the 
variable Xj: (1) the average tar content of cigarettes sold in 
the United States and (2) the product of average tar and the 
number of cigarettes sold per capita (age >20) as a measure 
of (he entire population’s average exposure level. Figure 1 
shows the changing average tar content of cigarettes sold 
{30,31} along with estimates of the number of cigarettes sold 
per capita to males and females for the period 1954-1980. 
Our estimates of the sex-specific numbers of cigarettes sold 
are derived from age-adjusted smoking prevalence estimates 
applied to the total annual cigarette sales. Our smoking 
prevalence estimates are based on applying the estimator in 
equation 1 to the HIS data to derive age-specific prevalence 
rates aggregated into 5-year age groups. Table 1 shows that 
the age-specific prevalences of past smoking as estimated 
from the 1978-1980 HIS generally agree (an average differ¬ 
ence of 3.6%) with prevalences estimated from actual sur¬ 
veys conducted in 1966, 1970, and 1975. We then used the 
1970 standard U.S. population age distribution to obtain 
direct age-adjusted smoking prevalence rates back through 
1954. Since the HIS data did not provide age-specific 
prevalence rate estimates for the age groups 80-84 and >85 
during the earliest time periods, we used the rates based on 
our estimates for 1975. The error induced by this should 
have little impact, since few people were in these age 
groups. 


Table 1. Estimated prevalence of current smokers according to age and sex. 
in the United States, 1966-1975 


Sex 

Age (yr) 

1966 

1970 

1975 

Survey* 

Hist 

Survey 

Hist 

Survey 

Hist 

Males 

20-24 

61.9 

56.2 

49.8 

52.4 

41.3 

46.5 


25-34 

59.9 

56.2 

46.7 

52.6 

43.9 

50.4 


35-44 

59.0 

57.4 

48.6 

53.0 

47.1 

47.2 


45-54 

53.8 

54.3 

43.1 

51.1 

41.1 

47.3 


55-64 

47.7 

44.2 

37.4 

42.0 

33.7 

41,6 


>65 

27.8 

25.9 

22.8 

28,1 

24.2 

27.9 

Females 

20-24 

49.2 

43.1 

32.3 

38.7 

34.0 

37.5 


25-34 

45.1 

43.2 

40.3 

43.0 

35.4 

39.8 


35-44 

40,6 

40.9 

38.8 

39.6 

. 36.4 

39.9 


45-54 

42.0 

36.5 

36,1 

36,9 

32.8 

36.4 


55-64 

20.6 

21.6 

24.1 

26.9 

25.9 

30.1 


>65 

7.6 

8.0 

10.2 

11.4 

10.2 

15.1 


•From (4I)\ separate surveys were done in 1966, 1970, and 1975. 
tEstimated from 1978-1980 HIS as described in text. 


Figure I shows a steady decrease in the sales-weighted 
average cigarette tar content from 37.5 mg in the mid-1950s 
to 14 mg in 1980, a drop of over 60%. The estimated 
number of cigarettes sold to males peaked between 1960 
and 1965 and has declined steadily since then, whereas the 
estimated nurnber sold to females has risen over this period. 
When fitting the model in equation 3, we used 5-year aver¬ 
ages of the average tar content or of the product of average 
tar and number sold. Because changes in carcinogenic expo¬ 
sure are not reflected immediately in changing cancer mor¬ 
tality, we examined possible lag periods between our expo¬ 
sure measures and mortality when fitting the regression 
model in equation 3. Information on the average tar content 
of cigarettes sold before 1954 is not available. Since filter 
cigarettes were originally Introduced in the mid-1950s, one 
assumption is that tar content underwent little change before 
this time (Warner K: personal communication). Therefore, 
we assumed the pre-1954 average cigarette tar content to be 
the average of the 1954-1958 levels, 36.6 mg. On the basis 
of minimizing the deviance as a measure of goodness-of-fit, 
we concluded that the best exposure regressor variable is the 
product of average tar content and number of cigarettes sold, 
lagged for 24 years. Peace (32) found a 21-year lag when 
correlating overall lung cancer mortality with cigarette 
tobacco sales by weight in England and Wales during 
1880-1983. However, his analysis was not adjusted for age 
and birth cohort. 

In addition to changes in tar content of cigarettes, there 
have been other changes that probably have affected lung 
cancer patterns. Changes in air pollution and occupational 
exposure head the list. We judge these likely to be very small 
in comparison to cigarette smoking. The relative risk of 
occupational exposures that might serve as an upper bound 
for the effect of environmental carcinogens is on the order of 
1.4-3.2 (33), and these apply to small proportions of the 
population, leaving a small attributable risk. Others have 
suggested a minor role for pollutants (4), and the evidence 
from time trends in nonsmokers does not substantiate any 
temporal effect in environmental carcinogens (34). Finally, 
recent evidence from a large case-control study in Western 
Europe shows substantial reductions in lung cancer inci¬ 
dence attributable to lower tar cigarettes (35-37). 

To assess whether separate regression coefficients were 
needed for males and females and for different age groups, 
we compared the fit of various models using an analysis of 
deviance (i5). Our analysis indicated that the slope of the 
average tar content X number cigarettes sold exposure vari¬ 
able differs by both sex and age. A statistical test of equal 
slopes for males and females yields a one degree of freedom 
chi-square value of 37.6, while a lest for equal slopes for 
under age 50 and >50 yields a value of 155, both highly 
significant (P <.00l). We examined other age group cate¬ 
gorizations and found the under/over 50 to give the best fit. 
As shown in tables 2 and 3, females have a larger slope than 
males and the under-50 group has a larger slope than the 
over-50 group. These differences are consistent with surveys 
beginning in the late 1960s that have shown that males and 
older persons are more likely to continue to smoke higher tar 
cigarettes (39). Therefore, decreases in tar levels would be 


Journal of the National Cancer Institute 


2063630545 


Source: https://www.industry(jocuments.ucsf.edu/docs/hkgk0000 



expected to have a greater effect on lung cancer among 
females and younger persons. Thus our final model that we 
fit to male and female lung cancer mortality is 

log (nj) =j , [4] 

[Ai + BzXj + Q^i+j i>5 

where Bi is the regression coefficient for ages 30-49 and Bi 
is the coefficient for ages >50. 

Parameter estimates of the age, period, and birth cohort 
effects for males and females are given in tables 2 and 3, 


Table 2. Parameter estimates from fitting mode! in equation 4 to male 
lung cancer mortality 


Age (yr> 

Birth cohort 


30-34 

-12.92 

1869-1877 

0.13 

35-39 

-li.77 

1874-1882 

0.37 

40-44 

-10,79 

1879-1887 

0.64 

45-49 

-9.95 

1884-1892 

0.96 

50-54 

-9.01 

1889-1897 

1.22 

55-59 

-8,43 

1894-1902 

1.42 

60-64 

'7.91 

1899-1907 

1.56 

65-69 

-7.54 

1904-1912 

1.64 

70-74 

-7.25 

1909-1917 

1.72 

75-79 

-7.08 

1914-1922 

1.79 

80-84 

-6.98 

1919-1927 

1.85 

285 

-7.01 

1924-1932 ' 

1.92 

Slope of average 

tar X No. sold 

1929-1937 

1934-1942 

1.87 

1.75 

Age 30-49 yr 

Age 250 yr 

2.24 X 10~5 

0.92 X 10*5 

1939-1947■ 
1944-1952 

1.52 

1.21 


Table 3. Parameter estimates from fitting model in equation 4 to female 


lung cancer mortality 

Age (yr) 


Birth cohort 

30-34 

-13.42 

1869-1877 

-1,20 

35-39 

-12.20 

1874-1882 

-1.04 

40-44 

-11.19 

1879-1887 

-0.92 

45-49 

-10.36 

1884-1892 

-0,77 

50-54 

-9.55 

1889-1897 

“0.59 

55-59 

-8.95 

1894-1902 

“0.33 

60-64 

-8.40 

1899-1907 

-0.01 

65-69 

“7.93 

1904-1912 

0.36 

70-74 

“7.52 

1909-1917 

0.75 

75-79 

-7.21 

1914-1922 

1.07 

80-84 

“6.96 

1919-1927 

1.29 

>85 

“6.77 

1924-1932 

1.50 

Slope of average tar x: No. sold 

1929-1937 

1934-1942 

1.60 

1.58 

Age 30-49 yr 

Age >50 yr 

5.38 X 10*^ 

3.28 X 10"^ 

1939-1947 

1944-1952 

1.49 

1.29 


cohort becomes habituated to smoking when young. To 
examine this interpretation, figures 2 and 3 compare the 
time patterns of the sex-specific cohort parameter estimates 
with the age-specific cigarette smoking prevalence estimates 
among males aged 20-24 and females aged 30-34 for dif¬ 
ferent birth cohorts. Because the prevalence of smoking for a 
cohort peaks around these ages, this age-specific prevalence 
is hypothesized to represent a measure of smoking h^its by 
birth cohort, which becomes translated into the cohort 
parameters in our mortality model. The age at which this 
prevalence reaches a peak has changed over the years. For 
cohorts bom around 1900, the peak prevalence was reached 
around age 30 for men and age 45 for women. More recent 
cohorts have shown a peak at 20-24 for males and 25-29 or 
30-34 for females. 

Both figures show that each set of estimated cohort 
parameters for lung cancer mortality exhibits a pattern quite 
similar to that of our cohort smoking behavior index. The 
time patterns of the cohort parameters and cohort smoking 
index exhibited by the females are very similar to one' 
another (correlation coefficient of 0.99), while the pattern of 
the male cohort smoking index appears less regular than the 
female pattern (correlation of 0.83). We hypothesize that the 
male pattern has been affected by the Depression, reducing 
the smoking index for cohorts bom from 1905 to 1920. 
These figures indicate that our proposed cohort smoking 
index provides a good representation of the cohort parameters 
in our age-period-cohort model, and this correlation will be 
used for the projections in the following section. 



Ye*r of Birth 


Figure 2. Comparison of estimated cohort parameters and prevalence of 
smoking at ages 20-24 for U.S, white males. 


respectively. The male lung cancer mortality rate peaks for 
the cohort born around 1928, while the rate for females 
attains a peak for the cohort bom around 1933. Since the 
age and cohort parameters are unique up to an additive con¬ 
stant, we adjusted the age parameters to reflect the age- 
adjusted mortality rates among nonsmokers (34). This was 
done so the model would predict what the effect of eliminat¬ 
ing smoking would be to attain nonsmoker mortality rales. 

Day and Charnay (23) suggested interpreting the cohort 
parameters as reflecting the number and type of cigarettes a 


Basis for projections. To make projections of lung cancer 
mortality, our age-period-cohort model requires projections 
of the parameters of the period and cohort factors. Our 
assumption that the age parameters remain fixed at their 
estimated values is consistent with our interpretation that 
they represent the background level of lung cancer risk in a 
nonsmoking population. Because lung cancer risk is primar¬ 
ily the result of cigarette smoking, our estimates of the future 
period and cohort factors are based on projections of future 
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cigarette composition and consumption. From the model in 
equation 4, the period parameters are linear functions of the 
product of average cigarette tar content with the number of 
cigarettes sold, while figures 2 and 3 show that the cohort 
parameters can be estimated as functions of the prevalence 
of smoking among young adults. Therefore, we need to pro- 
ject;,(I) the average tar content of cigarettes sold in the 
United States, (2) the number of cigarettes sold in the United 
States, and (3) the prevalence of smoking among young 
adults. 



¥«ar BiPth 

Figure 3. Comparison of estimated cohort parameters and prevalence of 
smoking at ages 30-34 for U5, white females. 


Projecting tar content in the future is somewhat difficult 
because the sales-weighted averages shown in figure 1 are a 
combination of changes in the production of virtually all 
cigarettes made in the United States, the development of fiN 
ters and of new low-tar brands in the last three decades, and 
changes over time in the proportion smoking various types. 
In addition, the trends in these data are quite strong and 
almost linear; however, a linear decrease cannot continue 
unabated, and the point at which one might choose to “level 
off’ these projections is speculative. Surveys have shown 
that smokers of high-tar (especially unfiltered) cigarettes are 
generally concentrated among the elderly (79), and these 
individuals will soon die off, creating further declines in the 
sales-weighted average tar level. In addition, as the propor¬ 
tion of women in the smoking population increases, the 
market share of high-tar cigarettes will likely further de¬ 
crease. 

For the projections to follow, we assume sales-weighted 
tar will continue to decrease in a linear fashion until reach¬ 
ing the optimistic level of 5 mg per cigarette and then level 
off. This linear trend is estimated from the 1972-1981 aver¬ 
age tar content values, when the estimated yearly decrease 
was 0,74 mg. In a second scenario we took the conservative 
view of leaving the sales-weighted tar constant at 13.22 mg 
per cigarette, the 1981 value. 

A projection of the future number of cigarettes sold in the 
United States requires projections of future smoking preva¬ 


lence among all adults and the average number of cigarettes 
purchased by each smoker. Developing projections for smok¬ 
ing prevalence, we relied on the objectives developed by the 
NCI for the Year 2000 Project (40). The NCI has set a goal 
of decreasing the smoking prevalence from current levels to 
15% of all adults by the year 1990. Our smoking prevalence 
projections are based on assuming a linear decrease in the 
age-adjusted (ages >15 adjusted to the 1980 population) 
smoking prevalence from the levels of 40.6% for males and 
32.3% for females estimated from the 1978/1980 HIS. To 
project our exposure index of the tar X number sold per cap¬ 
ita, we assume that the average number of cigarettes sold 
per smoker would remain at the 1980 levels. Therefore, the 
projected values of our tar X number sold index is the 
product of the projected tar level, the projected prevalence of 
smoking, and the number of cigarettes sold to smokers. 
These projections, along with the values observed in the past, 
are given in table 4. 

Because of our estimated 24-year lag, these average levels 
during 1934/1938, . . ., 1954/1958 provide the calendar 
period component of the fitted mortality rates for the periods 
1958/1962,. .,, 1978/1982, while the actual and projected 
levels for the years 1959/1963 through 1999/2003 are 
components of our mortality rate projections through the 
period 2023/2027. 

As seen in figures 2 and 3, the pattern of fitted cohort 
parameters in our mortality model is similar to the pattern of 
smoking prevalence among young adults. Therefore, we use 
projections of the age-specific prevalence of smoking for 
males aged 20-24 and females aged 30-34 to estimate 
future cohort parameters for our mortality projections. We 


Table 4. Actual and projected S-year averages of tar X number of 
cigarettes sold (in 1,000s) per capita 


Years 


Averages 


Males 

Females 


1934/1938 

Actual 

108.9 

22.1 


1939/1943 

145.3 

36,0 


1944/1948 

203.1 

58.9 


1949/1953 

212.8 

111 


1954/1958 

207.6 

79.6 


1959/1963 

169.2 

111 


1964/1968 

137.9 

66,4 


1969/1973 

113.6 

61.2 


1974/1978 

94.8 

511 


1979/1983 

Projected* 

59.4 

48,1 


1984/1988 

35.3 

31.4 


1989/1993 

18.0 

17.9 


1994/1998 

14.1 

14,1 


1999/2003 

14.1 

14,1 



*We assume: (1) tar content to decrease linearly to 5 mg in 1993 and 
(2) smoking prevalence to decrease linearly to 15% for all adults in 1990. 


found that the best fitting functional relationship between 
young adult smoking prevalence and the cohort parameters 
to be Yi = bXt, where Yf represents the fitted cohort param¬ 
eter and Xi represents the smoking prevalence for the ith 
birth cohort ranging from 1888 to 1948. This relationship 
assumes no intercept so that as the smoking prevalence 
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decreases to zero the cohort parameters would also go to 
zero and the age-specific lung cancer mortality risk wouid 
become the 1958-1968 nonsmokers’ risk as noted in the 
previous section. The regression for males was estimated by 
least squares applied to the data in figure 2, which resulted 
in an estimated slope b = 4.4. The regression for females 
was'estimated from the 1908-1948 data shown in figure 3 
and resulted in an estimated slope of ^ = 8.2. 

Following the Year 2000 Project objectives, one scenario 
is that the prevalence of smoking among young adults drops 
to 15% by the year 2000. Our smoking prevalence projec¬ 
tions for males aged 20-24 assume a linear decrease from 
the 41% observed for those bom during 1956-1960 to 15 or 
0% for those bom during 1976-1980 (being 20-24 in the 
year 2000). The projections for females aged 30-34 decrease 
linearly from the observed 39% for those bom during 
1946-1950. The smoking prevalence projections assuming 
15% prevalence by the year 2000 are given in table 5. 


Table 5. Projection of smoking prevalence among young adults* 


Year of birth 

Smoking 

prevalencet 

Males 

Females 

1946-1950 

(0.54) 

(0.39) 

1951-1955 

(0.48) 

0.33 

1956-1960 

(0,41) 

0.27 

1961-1965 

0.345 

0.21 

1966-1970 

0,28 

0.15 

1971-1975 

0,215 

O.IS 

1976-1980 

0.15 

0.15 


*Cei] entries are smoking prevalence for males of ages 20-24 and 
females of ages 30-34 by birth cohort; both sexes assumed to have 15% 
prevalence of smoking by the year 2000 in their respective age groups; as 
explained in the text, cohort parameters are given by: 

Males: parameter = 4.4 X (smoking prevalence)^ 

Females; parameter ~ 8.2 X (smoking prevalence)^ 

tObserved prevalence in parentheses. 

Projections of mortality. The age-adjusted projections are 
shown in table 6 and figure 4 for the NCI objectives com¬ 
pared to a “baseline" alternative in which tar content and 
smoking prevalence are assumed not to change after 1980. 
For both males and females, but especially for males, the 
two sets of projected rates for the period 1998/2002 differ 
very little because of the estimated 24-year lag for the effect 
of changes in tar content and age-adjusted smoking preva¬ 
lence. The only changes in our mortality projections in this 
short time span are due to different cohort effects, and these 
will affect only the young age groups with low mortality 
rates before the end of this century. For males, the projected 
year 2000 age-adjusted rate under the NCI objectives is 
68.1 per 100,000, just 0.7% less than the rate of 68.6 per 
100,000 for the no-change scenario. The differences in mor¬ 
tality rates projected for the period 2023/2027 between the 
two scenarios are noticeably larger. The projected rates for 
stales are 43.0 and 28.8 per 100,000 for the no-change and 
NCl scenarios, respectively, representing a 33% decline due 
^0 accomplishing the NCI’s smoking objectives. A larger dif¬ 
ference is apparent for females for the 2023/2027 period; 


Table 6. Actual and projected age-adjusted lung cancer mortality 
rates oer 10* 


Years 



Actual rates 


Males 


Females 

1958/1962 


38.1 


5.8 

1963/1967 


47.3 


7.5 

1968/1972 


57.9 


11.1 

1973/1977 


65.2 


•15.2 

1978/1982 


71.0 


20.6 



Projected rates 




Males 

Females 


NCI obj. 

* No change 

NCI obj.* 

No change 

1983/1987 

72.6 

72.6 

25.6 

25.6 

1988/1992 

72.9 

73.0 

30.8 

30.8 

1993/1997 

71.5 

71.7 

35.4 

35,6 

1998/2002 

68.1 

68.6 

38.9 

39.5 

2003/2007 

61.3 

64.6 

39.6 

42.3 

2008/2012 

52.8 

58.9 

36,2 

43.2 

2013/2017 

44.5 

52.7 

32.9 

42.6 

2018/2022 

36.1 

47.0 

28.3 

40.8 

2023/2027 

28.8 

43.0 

23.4 

38.8 


*NCI objectives: (1) tar content decreases linearly to 5% in 1993, (2) 
age-adjusted smoking prevalence drops to 15% in 1990, and (3) smoking 
prevalence in young adults drops to 15% in 2000. 


there is a 40% difference in the projected rates, from 38.8 to 
23.4 deaths per 100,000. 

Varyiri,g each of the three elements of the projection 
model, tar, age-adjusted smoking prevalence, and age- 
specific prevalence among new smoking cohorts, produces 
different projection tables for males and females. We 
examined more conservative projections, for example, tar 
levels not decreasing below 1982 levels and age-adjusted 
prevalence not declining below 25% for adults, as well as 
more liberal projections, including, for example, no new 
smokers among young adults by the year 2000. For the near 
term, the period 1998/2002, the differences in age-adjusted 



Figure 4. Actual and projected age-adjusted lung cancer mortality rates for 

U.S. white males and females, 1960-2025.-= NCI objectives; — = 

no change. 
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rates are trivial. As the projection horizon lengthens, the dif¬ 
ferences become more noticeable. However, the rates based 
on more liberal objectives are similar to the NCI objective 
projections, illustrating that accomplishment of the NCI 
objectives (tar declines linearly, smoking prevalence at 15%) 
would include much of the potential reduction in lung cancer 
mortality for the next several decades. We considered the 
more dramatic scenario of a 0% prevalence of smoking by 
the year 2000 and obtained similar results. For example, 
under this scenario, the projected male age-adjusted mortal¬ 
ity rate for the period 2023/2027 is 27.9 per 100,000, only 
3.1% less than the projection of 28.8 based on the NCI 
objectives. Females show a larger relative decline of 11% 
from 23.4 deaths per 100,000 to 20.9 in the 2023/2027 
period. These detailed age-specific projection tables are 
available from the authors upon request. 

Projections at the age-specific level better illustrate why 
the rate of decline in the age-adjusted projections is so slight. 
When the different effects begin to be seen in each of the 
age groups and how fast these rates drop are crucial to 
interpreting the plausibility of the projections. As shown for 
males in figure 5, by the year 2000 only the age groups 
under 45 are affected by the decrease in new smokers 
represented by attaining the NCI objectives. For groups 
older than age 45, changes are not apparent until later. For 
males aged 55-59, the recent (1978/1982) lung cancer mor¬ 
tality rates are 169 per 100,000. Under the no-future-change 
model, these are projected to be 109 in the year 2000 and 
lower still to 80.5 by the year 2025. Therefore, the no¬ 
change scenario includes a substantial decline in lung cancer 
mortality for this younger age group to begin in the near 
future and to carry through this projection horizon due to 
changes in tar content and smoking prevalence that have 
already occurred. Achievement of the NCI objectives would 
further reduce these rates to 31.2 in 2025. A similar picture 
is evident for older males. Among the 75-79 year olds, com¬ 
pared to a recent rate of 487, the no-change scenario projects 
rates of 587 for the year 2000 and 311 by the end year of 
the projections (2025). The decline in mortality rates for this 
age group begins about the year 2005, 20 years after the 
turnaround for the 55-59 year age group. The general age- 
specific pattern for females is quite similar, but shows a later 
period of peak mortality rates (fig. 6). For the 55-59 year 
age group, the peak mortality rate of 79.6 is projected to be 
in the 1988/1992 period, 5 years later than males. The 
female rates for this age group for the years 2000 and 2025 
are projected to be 69.4 and 56.9, respectively, under the 
no-change scenario. Attaining the NCI objectives reduces 
the later projected rates to 13.0 per 100,000. 

Discussion 

Trends in the United States during the past two decades 
have shown a dramatic turnaround in smoking prevalence. 
Because of these trends, changes in lung cancer and other 
tobacco-related diseases have been eagerly anticipated. De¬ 
clines in age-specific rates of lung cancer for young ages 
have been seen recently as a result of lower smoking preva¬ 
lence among new cohorts and as a result of lower tar content 
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in cigarettes. However, age-adjusted rates of lung cancer 
mortality have continued to climb for males, although 
recently there has been a noticeable flattening of these rates. 
For U.S. females, however, incidence and mortality rates 
have continued to dramatically increase. 

In the present analysis, we have constructed a model to 
take account of these trends of major public health interest 
and have provided a framework for projecting rates into the 
future. The model is based on age-period-cohort modeling, 
which has been used extensively in cancer epidemiology. In 
addition to fitting the model to available lung cancer mor¬ 
tality data, we have analyzed recent survey data on cigarette 
consumption and incorporated these findings into the projec¬ 
tion model. This allows the projection of lung cancer rates, 
providing one is willing to make a set of assumptions about 
the three key factors that we believe are the major determi- 



Flgure S. Actual and projected age-specific lung cancer mortality rates for 
U.S. white males, 1960-2025.-= NCI objectives: — ” no change. 



Figure 6. Actual and projected age-specific lung cancer mortality rates for 
U.S. white females. 1960-2025.-= NCI objective; — = no change. 
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nants of lung cancer mortality; starting the smoking habit, 
continued smoking prevalence, and tat content of cigarettes. 

Projections of lung cancer rates in the absence of any 
major changes in these factors show that the age-adjusted 
rates in males will be relatively flat through about 1990 and 
will then gradually decline. Mortality patterns for females 
lag behind those for males, and in the absence of changes, 
rates are projected to peak about the year 2010. The age- 
specific peaking for females is only 5 years behind that for 
males; the age-adjusted rates peak later for females because 
of their more recent increase in smoking prevalence. 

Achievement of objectives for reducing smoking preva¬ 
lence advocated by the NCI will have little impact on these 
trends in the very near future. Little material changes can be 
expected by the year 2000 based on the empirical findings 
here; however, the longer term impact of the NCI objectives 
is much more positive. Compared to no changes in smoking 
prevalence and cigarette tar content, attaining the NCI 
objectives could reduce the age-adjusted male lung cancer 
mortality rate by almost 33% by the period 2023/2027 and 
the female mortality rate could be reduced by over 40%. 
Assuming attainment of the NCI objectives, we note that the 
projected age-adjusted rate for males for the period 2023/ 
2027 of 28.8 , per 100,000 represents almost a two-thirds 
reduction of the 1978/1982 mortality rates. Although the 
rate of 23.4 per 100,000 for females in 2023/2027 is about 
equal to recent rates, this is a considerable reduction on what 
would be projected under current trends. Advances in sec¬ 
ondary and tertiary prevention represented by screening and 
treatment might also affect future lung cancer mortality 
trends, but we have limited our analysis to the future effects 
of cigarette smoking behavior. 

We are somewhat surprised by the intractability of the 
rates in the near future. However, the empirical fit of the 
model to the data suggested lagged effects for parameters, 
which are consistent with previous literature (32). Thus 
reduction in lung cancer mortality rates in the next decade or 
two will occur only if recent decreases in smoking prevalence 
continue and efforts to reduce smoking further are adopted 
throughout the United States. 
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